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Abstract

The success of large language models (LLMs),
like GPT-4 and ChatGPT, has led to the devel-
opment of numerous cost-effective and acces-
sible alternatives that are created by finetun-
ing open-access LLMs with task-specific data
(e.g., ChatDoctor) or instruction data (e.g., Al-
paca). Among the various fine-tuning methods,
adapter-based parameter-efficient fine-tuning
(PEFT) is undoubtedly one of the most attrac-
tive topics, as it only requires fine-tuning a few
external parameters instead of the entire LLMs
while achieving comparable or even better per-
formance. To enable further research on PEFT
methods of LLMs, this paper presents LLM-
Adapters, an easy-to-use framework that inte-
grates various adapters into LLMs and can ex-
ecute these adapter-based PEFT methods of
LLMs for different tasks. The framework in-
cludes state-of-the-art open-access LLMs such
as LLaMA, BLOOM, and GPT-J, as well as
widely used adapters such as Series adapters,
Parallel adapter, Prompt-based learning and
Reparametrization-based methods. Moreover,
we conduct extensive empirical studies on the
impact of adapter types, placement locations,
and hyper-parameters to the best design for
each adapter-based methods. We evaluate
the effectiveness of the adapters on fourteen
datasets from two different reasoning tasks,
Arithmetic Reasoning and Commonsense Rea-
soning. The results demonstrate that using
adapter-based PEFT in smaller-scale LLMs
(7B) with few extra trainable parameters yields
comparable, and in some cases superior, perfor-
mance to powerful LLMs (175B) in zero-shot
inference on both reasoning tasks. The code
and datasets can be found in https://github.
com/AGI-Edgerunners/LLM-Adapters.

1 Introduction

Large language models (LLMs), such as Chat-
GPT (OpenAl, 2022) and GPT-4 (OpenAl, 2023),

*Corresponding author.

have demonstrated unprecedented performance
across various natural language processing (NLP)
tasks (Qin et al., 2023) and multi-modal tasks (Shen
et al., 2023). These LLMs often possess sizes ex-
ceeding hundreds of billions of parameters and are
closed-source. Consequently, this has spurred the
development of accessible and cost-effective al-
ternatives such as LLaMA (Touvron et al., 2023).
These alternatives involve fine-tuning open-source
LLMs utilizing either task-specific data (e.g., Chat-
Doctor (Yunxiang et al., 2023)) or instructional
data (e.g., Alpaca (Taori et al., 2023)). However,
full-model fine-tuning (FFT) is computationally
and storage-intensive, thereby presenting signifi-
cant challenges in practical implementation.

Prior to the emergence of FFT of LLMs (e.g.,
LLaMA), a compelling solution called parameter-
efficient fine-tuning (PEFT) (Houlsby et al., 2019)
has been proposed in the NLP field, specifically
for pre-trained models (e.g., BERT (Devlin et al.,
2018)), offering a promising approach for ef-
ficiently fine-tuning LLMs. The advantage of
PEFT lies in its ability to fine-tune only a small
set of external parameters rather than the entire
backbone model while still achieving compara-
ble or even superior performance (Mangrulkar
et al., 2022). Moreover, PEFT can effectively
mitigate catastrophic forgetting in comparison to
FFT (Wang et al., 2022). As shown in Table 1,
the advantage of PEFT has resulted in the devel-
oping of diverse PEFT modules, encompassing se-
ries adapters (Houlsby et al., 2019; Wang et al.,
2022; He et al., 2022b; Fu et al., 2021), parallel
adapters (He et al., 2022a), reparameterization-
based methods (Hu et al., 2021; Edalati et al.,
2022), and prompt-based learning methods (Lester
et al., 2021; Li and Liang, 2021).

By incorporating these PEFT modules into back-
bone models (i.e., LLMs), we can capitalize on the
remarkable capabilities of backbone models with-
out requiring extensive computational resources.
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This opens up opportunities for a broader range of
applications, enabling even those with limited ac-
cess to high-performance computing to harness the
power of LLMs in their specific tasks. Despite the
success of PEFT for pre-trained models, it remains
unclear which PEFT module, in combination with
which layer and hyperparameter configuration, is
most suitable for a given task or dataset when meet-
ing LLMs (e.g., LLaMA (Touvron et al., 2023)).
Therefore, further investigation is needed to de-
termine the optimal PEFT setup that maximizes
performance across different tasks and datasets.
Motivated by this, in this paper, we conduct
a comprehensive empirical study of PEFT of
three representative open-source LLMs, including
BLOOM (Muennighoff et al., 2022), GPT-J (Wang
and Komatsuzaki, 2021), and LLaMA (Touvron
et al., 2023). Specifically, we undertake an empir-
ical study to address the following three research
questions: (z) What is the optimal placement and
configuration of different PEFT methods? (it)
How’s the performance of different adapters across
downstream tasks? And (¢2¢7) What are the differ-
ences in performance between in-distribution (ID)
and out-of-distribution (OOD) scenarios for PEFT
methods? The findings of our study are as follows:

1. The optimal placement for the series
adapter, parallel adapter, and LoRA is af-
ter the MLP layers, parallel with the MLP
layers, and located after both the Attention
layers and MLP layers simultaneously, re-
spectively;

2. Smaller language models with the PEFT ap-
proach can attain competitive or superior
performance on specific tasks compared
to larger language models. For instance,
LLaMA-13B with LoRA can outperform
GPT-3.5 (>175B) on MultiArith, AddSub,
and SingleEq ;

3. The ID fine-tuned LLaMA-13B with
adapters outperforms ChatGPT on com-
monsense reasoning tasks indicating that
smaller language models have the potential
to outperform larger language models on
specific tasks with ID fine-tuning data.

Our contributions can be summarized as follows:

* We conduct a comprehensive empirical study
of various PEFT methods applied in different
open-source LLMs.

Method

Prompt Tuning (Lester et al., 2021)
Prefix-Tuning (Li and Liang, 2021)
Spot (Vu et al., 2021)

IPT (Qin et al., 2021)

LoRA (Hu et al., 2021)

KronA (Edalati et al., 2022)
Adapters (Houlsby et al., 2019)
AdaMix (Wang et al., 2022)
SparseAdapter (He et al., 2022b)
LeTS (Fu et al., 2021)

Parallel Adapter (He et al., 2022a)
MAM Adapter (He et al., 2021) Vv
UniPELT (Mao et al., 2021) Vv
Compacter (Henderson et al., 2021)
S4-model (Chen et al., 2023) 4

Prompt Repara Series Parallel

L
<<

L R

L

Table 1: The PEFT methods are categorized based
on the four common basic methods. "Prompt" repre-
sents prompt-based learning methods, "Repara” denotes
reparametrization-based methods, "Series" is Series
Adapter, while "Parallel" represents Parallel Adapter.

* To facilitate our empirical study, we construct
two high-quality training datasets to enhance
PEFT performance in math reasoning and
commonsense reasoning tasks.

* We develop a user-friendly framework,
LLM-Adapter, seamlessly integrates diverse
adapters into LLMs, empowering researchers
to implement adapter-based PEFT methods
for a wide range of tasks.

* We conduct extensive experiments to answer
the three research questions to serve as inspi-
ration for future research.

2 PEFT Overview

In this section, we provide a brief overview of four
parameter-efficient fine-tuning (PEFT) methods:
prompt-based learning, reparametrization-based
methods, series adapters, and parallel adapters. (Li
and Liang, 2021; Hu et al., 2021; Houlsby et al.,
2019; He et al., 2022a)

Prompt-based learning. As shown in Fig-
ure 1(a), prompt-based learning transforms the dis-
crete optimization problem of finding the optimal
hard prompt into a continuous (soft) prompt. To
achieve this, Lester et al. (2021) proposed the con-
cept of prompt tuning, where a trainable tensor is
added as a prefix to the input embeddings. An-
other approach called Prefix-Tuning(Li and Liang,
2021) independently explored the addition of soft
prompts to the hidden states of all layers. Intrin-
sic Prompt Tuning (Qin et al., 2021) employs an
autoencoder to compress and decompress the soft

5255



Prefix Transformer (Frozen) (

DDDDD

Add & Norm

Adapter

\

(a) Prefix-Tuning

4 i
,(l\dapte$ \
Layer
Feed Forward |

Adapter

\

> Add &Norm |

Feed Forward ‘1| | Feed Forward | [Adapter]
up-project ' ¥ ¥

Add & Norm

A Add & Norm l
: Y \

Pretrained

Weights : : : X
Multi-Head
& % Attention
\
V_)
(b) LoRA

(c) Series Adapter

Nonlinearity
[ i Multi-Head
| ; Adapter
Feed Forward H Attention -
down-project \/ T

N y

(d) Parallel Adapter

Figure 1: A detailed illustration of the model architectures of three different adapters: (a) Prefix-Tuning, (b) LoRA,

(c) Series Adapter, and (d) Parallel Adapter.

prompt. We take learnable vectors incorporated
into the attention layer as an example of prompt-
based learning, which can be formulated as fol-
lows:

Ho = Al;tl’l([’[z“/VQ7 [PK, HZWK], [Pv; HzWV]);
)

where H; € RT*% and H, € RT*? are the input
and output of the attention layer respectively. Note
that 7" is the maximum input length and d is the
vector dimension. Px € RE*? and P, € RLX4
are the learnable vectors for PEFT. L is the num-
ber of learnable tokens, which is discussed in the
experiment section in detail. @, K,V denote the
query, key, value vectors of th attention module,
respectively.

Reparametrization-based method. This type of
methods aim to transform network weights using
a low-rank technique. This approach effectively
reduces the number of trainable parameters while
preserving the ability to handle high-dimensional
matrices. Intrinsic SAID (Aghajanyan et al., 2020)
investigates the intrinsic dimensionality of fine-
tuning within a low-rank subspace. LoRA (Hu
et al., 2021) introduces a simple approach to up-
date the parameters of a weight matrix by decom-
posing it into a product of two low-rank matrices.
KronA (Edalati et al., 2022) improves upon the
matrix factorization aspect of LoRA by utilizing
the Kronecker product in its technique. We take
LoRA as an example of Reparametrization-based
learning, which can be formulated below:

H, = HWy + H;AW = H;W, + H;BA, (2)

where W, € R can be any pre-trained weight
matrix, including weights in the MLP or Attention
layer. B € R"™*% and A € R"*¢ are lower-rank
matrix intended for covering AW. r < d is an
important hyper-parameter for LoRA.

Series Adapter. Series adapters involve incorpo-
rating additional learnable modules in a sequen-
tial manner within a specific sublayer. In their
study, Houlsby et al. (2019) proposed integrating
fully-connected networks after the attention and
FEN layers in the Transformer model (Vaswani
et al., 2017). Another finding by Pfeiffer et al.
(2020) revealed that achieving comparable perfor-
mance is possible by inserting the adapter solely
after the self-attention layer, instead of using two
adapters per transformer block. AdaMix (Wang
et al., 2022) introduces a method that utilizes mul-
tiple series adapters in a mixture-of-experts (MoE)
fashion. Compacter (Henderson et al., 2021) uti-
lizes the Kronecker product, low-rank matrices,
and parameter sharing across layers to generate
adapter weights. This technique aims to reduce
the computational complexity associated with the
adapters while maintaining their performance. Se-
ries Adapter can be formulated as follows:

Ho — Ho + f(HoWdown)Wum (3)
where the output H, of a specific layer, such as
the MLP layer, is first down-projected by W €
R to a lower dimension 7, and then up-projected
back by W, € R"*4 to the original dimension d.
f is a non-linear function. We discuss the choice
of r in the experiment Section.
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Parallel Adapter. Parallel adapters (He et al.,
2022a) aim to incorporate additional learnable mod-
ules in parallel with distinct sublayers within the
backbone model. The parallel adapter can be for-
mulated below:

Ho — Ho + f(Hinown)Wupa (4)

where H; (H,) is the input (output) of a specific
layer. Expanding on this concept, the Multi-head
Parallel Adapter takes it a step further by using
parallel adapters to modify the outputs of head
attention. On the other hand, the Scaled Paral-
lel Adapter is a variant that applies the compo-
sition and insertion format of LoRA (Hu et al.,
2021) to adapters. Another approach, called Ladder
Side-Tuning (Sung et al., 2022), involves training
a lightweight ladder side network. This network
accepts intermediate activations from the backbone
networks through shortcut connections (ladders).

3 Experiment Setup

3.1 Benchmarks

We conduct extensive empirical studies on four-
teen benchmark datasets from two categories of
reasoning problems: Arithmetic Reasoning: (1)
the GSM8K (Cobbe et al., 2021) dataset consists
of high quality linguistically diverse grade school
math word problems created by human problem
writers, (2) the SVAMP (Patel et al., 2021) bench-
mark consists of one-unknown arithmetic word
problems for up-to-4 grade level students by mak-
ing simple changes to a set of problems from an-
other existing dataset, (3) the MultiArith (Roy and
Roth, 2016) dataset of math word problems requir-
ing multiple reasoning steps and operations, (4)
the AddSub (Hosseini et al., 2014) dataset of ad-
dition and subtraction arithmetic word problems,
(5) the AQuA (Ling et al., 2017) dataset of alge-
braic word problems with natural language ratio-
nales, and (6) the SingleEq (Koncel-Kedziorski
et al., 2015) dataset of grade-school algebra word
problems that map to single equations with vary-
ing length; Commonsense Reasoning: (1) the
BoolQ (Clark et al., 2019) dataset is a question-
answering dataset for yes/no questions containing
15942 examples. These questions are naturally
occurring and generated in unprompted and uncon-
strained settings, (2) the PIQA (Bisk et al., 2020)
dataset of questions with two solutions requiring
physical commonsense to answer, (3) the SIQA

Dataset Domain #train #test Answer
MultiArith Math - 600 Number
AddSub Math - 395 Number
GSMSK Math 8.8K 1,319 Number
AQuA Math 100K 254 Option
SingleEq Math - 508  Number
SVAMP Math - 1,000 Number
BoolQ CS 94K 3,270 Yes/No
PIQA CS 16.1K 1,830  Option
SIQA CS 334K 1,954 Option
HellaSwag CS 399K 10,042 Option
WinoGrande CS  63.2K 1,267 Option
ARC-e CS 1.1K 2,376  Option
ARC-c CS 23K 1,172 Option
OBQA CS 5.0K 500 Option

Table 2: Details of datasets being evaluated. Math:
arithmetic reasoning. CS: commonsense reasoning.

(Sap et al., 2019) focuses on reasoning about peo-
ple’s actions and their social implications, (4) the
HellaSwag dataset of commonsense NLI questions
including a context and several endings which com-
plete the context, (5) the WinoGrande (Sakaguchi
et al., 2021) dataset is formulated as a fill-in-a-
blank task with binary options, and the goal is to
choose the right option for a given sentence which
requires commonsense reasoning, (6) the ARC-c
and (7) the ARC-e are the Challenge Set and Easy
Set of ARC (Clark et al., 2018) dataset of genuine
grade-school level, multiple-choice science ques-
tions, and (8) the OBQA dataset contains questions
requiring multi-step reasoning, use of additional
common and commonsense knowledge, and rich
text comprehension. Table 2 shows the dataset
statistics.

3.2 Fine-tuning Data Collection

In order to perform fine-tuning on adapters, we
acquire two high-quality training datasets specif-
ically designed for math reasoning and com-
monsense reasoning. Table 2 reveals that only
GSMBS8K and AQuA datasets provide training sets
for arithmetic reasoning. To enhance the diver-
sity of our data, we incorporate the training sets
from GSM8K, MAWPS, MAWPS-single (Koncel-
Kedziorski et al., 2016), and select 1000 examples
from AQuA for the purpose of collecting the fine-
tuning data. However, it is worth noting that the
chosen datasets solely offer equations and corre-
sponding answers. In order to augment the reason-
ing capabilities of our model, particularly in terms
of providing step-by-step rationales, we leverage
ChatGPT as the teacher model. By utilizing zero-
shot chain-of-thought prompts, ChatGPT generates
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reasoning steps. We have included the specific
prompt templates used to collect the math reason-
ing dataset in Appendix A.l. To ensure the quality
of the data, we eliminate samples that contain in-
correct answers. As a result, we obtain a set of 10K
math reasoning samples, referred to as Math10K,
which we consider for further analysis and fine-
tuning.

To facilitate fine-tuning in the domain of com-
monsense reasoning, we construct fine-tuning data
by formatting the training sets from BoolQ, PIQA,
SIQA, HellaSwag, WinoGrande, ARC-e, ARC-c,
and OBQA with pre-defined templates. As each
dataset in the commonsense reasoning domain en-
tails distinct tasks, we adopt a structured template
by initially describing the task’s goal, followed by
the corresponding content and answer. The tem-
plate utilized for creating the fine-tuning data can
be found in A.2. Upon completion of this pro-
cess, we obtain a collection of 170K commonsense
reasoning samples, which we refer to as Common-
sensel70K. These datasets will be made publicly
available to encourage further research and explo-
ration in this area.

3.3 Implementations

To facilitate the seamless utilization of PEFT meth-
ods in both research and practical applications, we
have developed a user-friendly framework, LLM-
Adapter. LLM-Adapters seamlessly integrates di-
verse adapters into LLMs, empowering researchers
to implement adapter-based PEFT methods for
a wide range of tasks. We utilize LLaMA (7B,
13B) (Touvron et al., 2023), BLOOMz (7B) (Muen-
nighoff et al., 2022), and GPT-J (6B) (Wang and
Komatsuzaki, 2021) as the base models for our ex-
periments. As for the four categories of PEFT meth-
ods, we select Prefix-Tuning (Li and Liang, 2021),
Series Adapter (Houlsby et al., 2019), LoRA (Hu
etal., 2021), and Parallel adapter (He et al., 2022a)
as representative candidates to examine their effi-
cacy. For consistency across all fine-tuning experi-
ments, we maintain a batch size of 16. The learning
rate for Prefix-Tuning is set to 3e-2, while the rest
of the methods adopt a learning rate of 3e-4. Each
of the PEFT methods is fine-tuned for three epochs
on the fine-tuning datasets. It is important to note
that we fine-tune a single model for either the math
or commonsense reasoning task, and subsequently
evaluate its performance across all corresponding
datasets.

Average Accuracy of Adapter Locations

64 Attn
= MLP

62| HEE Attn and MLP 61.7
g
> 60 59.5
g 59
g 58.3
358
g
<
856
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4
o
354

52

50 .

Series Parallel LoRA

Figure 2: The average accuracy of different adapter
locations on math reasoning datasets.

4 Experiment Results

4.1 Placement and Configuration

To address the research question, “What is the opti-
mal placement and configuration for various types
of adapters?”, we employ LLaMA-7B as the base
model to assess different adapter settings within
the context of the math reasoning task. Our empiri-
cal study begins by determining the most effective
placement for the Series Adapter, Parallel Adapter,
and LoRA. Prefix-Tuning is excluded from this
analysis since its placement is predetermined. For
the Series Adapter, we explore its placement op-
tions after the multi-head attention layers, MLP
layers, or both of them. As for the Parallel Adapter
and LoRA, we integrate them into the multi-head
attention layers, MLP layers, or both of them, in
order to assess their respective performances. The
detailed results on each dataset are shown in Ap-
pendix A.3. Figure 2 shows the average accuracy
on math reasoning datasets. We can observe that
for the Series Adapter, the best position is to place
it after the MLP layers, achieving an average accu-
racy of 59.5% on the math reasoning datasets. As
for the Parallel Adapter, when we place it within
the MLP layers, it achieves the best performance
of 61.7%. Regarding LoRA, we need to insert it
simultaneously into both the Multi-head Attention
layers and MLP layers to achieve the best perfor-
mance of 60%.

In order to determine the optimal configuration
of various adapters, we conduct an analysis of the
most crucial variable for each type of the PEFT
methods. We compare the average accuracy on
math reasoning datasets. The placement of adapters
follows the optimal settings derived from the place-
ment analysis. Regarding Prefix-tuning, we assess
the performance with different numbers of virtual
tokens (vt) set at [10, 20, 30, 40]. For Series and
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LM Method MuliArith GSMSK  AddSub  AQUA  SinglcEq SVAMP  Avg
GPT3.51m - 833 56.4 853 389 881 099 704
Prefix 083 133 71 125 494 21 360

Series 80.7 143 726 205 69.3 381 493
BLOOMz7s b allel 85.8 18.5 777 189 748 364 520
LoRA 82.8 17.4 74 213 69.9 410 508

Prefix 745 16.0 56 147 614 310 439

. Series 917 195 858 150 817 36 562
Parallel 922 18.9 838 179 807 411 558

LoRA 90.7 23.0 841 161 841 460 573

Prefix 632 244 570 142 553 381 420

LM, Series 928 333 800 150 835 523 595
Parallel  94.5 353 866  18. 86.0 196 617

LoRA 95.0 375 833 189 844 521 619

Prefix 22 30 560 157 628 A4 465

LaMAL,  Series 93.0 44.0 805 220 876 508 63.0
B parallel 943 433 830 205 89.6 557 644
LoRA 94.8 475 873 185 8938 546 654

Table 3: Accuracy comparison of LLMs with different adapters on six math reasoning datasets. We use GPT-3.5
text-Davinci-003 for Zero-shot CoT (Kojima et al., 2022) as the baseline.

Prefix-Tuning Series Adapter
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Figure 3: The average accuracy of different variable
settings on math reasoning datasets. Where "vt" refers
to the number of virtual tokens, "bn" denotes the bottle-
neck size, while "r" is the LoRA rank.

Parallel Adapters, we evaluate the impact of the bot-
tleneck size (bn) with values of [64, 128, 256, 512].
For LoRA, we examine the influence of different
rank values (r) at [4, 8, 16, 32]. The detailed results
for each dataset can be found in Appendix A.4.
Figure 3 presents the average accuracy of differ-
ent variables on math reasoning datasets. It can
be noted that when the number of virtual tokens
in Prefix-Tuning is set to 10, Prefix-Tuning attains
an average accuracy of 42.0% on math reasoning
datasets. By configuring the bottleneck dimension
to 256, Series and Parallel Adapter demonstrate the
highest level of performance. However, when the
bottleneck size is increased to 512, the accuracy of
both Series and Parallel Adapter decreases. The
typical setting for LoRA rank is set to 8, but we

have discovered that a larger rank can enhance the
performance of LoRA. When the rank is increased
from 8 to 32, the average accuracy of LoRA in-
creases from 60.0% 61.9%.

In order to enhance the breadth of our research
findings, we conducted additional experiments in-
volving the placement of adapters on various LLMs
such as GPT-J and BLOOMz. These experiments
were conducted across different model sizes, specif-
ically 7B and 13B parameters. Furthermore, we ex-
tended our investigation to encompass diverse tasks,
including Commonsense tasks. This approach en-
abled us to generalize our observations across a
wider spectrum of LLMs, sizes, and tasks, thus
providing a more comprehensive understanding of
the adapter placement strategies. The detailed ex-
periment results can be found in Appendix A.3

Based on our comprehensive placement and con-
figuration analysis, we have determined the optimal
settings for each adapter, which will be consistently
employed throughout the subsequent experiments.

* For Prefix-Tuning, we establish the number
of virtual tokens at 10.

* For Series and Parallel Adapter, we seam-
lessly incorporate them into the MLP lay-
ers, configuring the bottleneck size to 256.

* Regarding LoRA, we seamlessly integrate
it into both the Multi-head Attention layers
and the MLP layers with rank 32.

4.2 Arithmetic Reasoning

In order to evaluate the effectiveness of adapters
on the Arithmetic Reasoning task, we conducted
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LLM Method BoolQ PIQA SIQA HellaSwag WinoGrande ARC-e ARC-c  OBQA Avg
GPT-37s8 - 60.5 81.0 - 78.9 70.2 68.8 51.4 57.6 -
Pal.Ms408 - 88.0 82.3 - 83.4 81.1 76.6 53.0 534 -
ChatGPT - 73.1 854 68.5 78.5 66.1 89.8 79.9 74.8 77.0
Prefix 45.6 53.7 46.3 26.7 49.5 52.1 39.7 443 447
BLOOMz:5 Series 65.4 70.4 73.6 53.4 69.3 72.3 55.9 68.0 66.0
Parallel 64.1 71.5 72.1 52.9 67.0 70.5 54.7 69.6 65.3
LoRA 65.9 75.3 74.5 57.3 72.5 74.6 57.8 73.4 68.9
Prefix 63.1 66.9 68.7 34.4 64.5 64.4 46.8 59.0 58.5
GPT-Jes Series 62.1 63.5 72.3 30.6 68.0 63.9 48.1 63.8 59.0
Parallel 62.2 69.7 70.0 41.7 65.0 60.2 44.6 58.2 59.0
LoRA 62.4 68.6 49.5 43.1 57.3 434 31.0 46.6 50.2
Prefix 64.3 76.8 73.9 421 72.1 72.9 54.0 60.6 64.6
LLaMA7s Series 63.0 79.2 76.3 67.9 75.7 74.5 57.1 72.4 70.8
Parallel 67.9 76.4 78.8 69.8 78.9 73.7 57.3 75.2 72.3
LoRA 68.9 80.7 77.4 78.1 78.8 77.8 61.3 74.8 74.7
Prefix 65.3 754 72.1 552 68.6 79.5 62.9 68.0 68.4
LLaMA 13 Series 71.8 83.0 79.2 88.1 82.4 82.5 67.3 81.8 79.5
Parallel 72.5 84.8 79.8 92.1 84.7 84.2 71.2 824 81.5
LoRA 72.1 83.5 80.5 90.5 83.7 82.8 68.3 824 80.5

Table 4: Accuracy comparison of LLMs with different adapters on eight commonsense reasoning datasets. The
ChatGPT results are obtained by Zero-shot CoT with gpt-3.5-turbo APL

a study where adapters are fine-tuned on the
Math10K dataset and subsequently evaluated on
six different math reasoning datasets. As our base-
line, we utilize the GPT-3.5 model, specifically the
text-Davinci-003 variant, for Zero-shot CoT ac-
cording to Kojima et al. (2022). The results of the
GPT-3.5 model can be found in Wang et al. (2023).
Table 3 reports the performance of different PEFT
methods and the baseline. On average, the GPT-3.5
model (175B) outperforms adapter-based PEFT
LLMs in terms of accuracy. However, for sim-
pler math reasoning datasets such as MultiArith,
AddSub, and SingleEq, adapter-based methods like
LLaMA-13B with LoRA outperform GPT-3.5. No-
tably, LLaMA-13B with LoRA achieves an aver-
age accuracy of 65.4%, which is approximately
92.8% of the performance exhibited by GPT-3.5.
This suggests that with sufficient task-specific train-
ing data, adapter-based PEFT of smaller LLMs
has the potential to achieve performance compa-
rable to that of extremely large language models.
The utilization of adapter-based PEFT yields su-
perior performance by smaller language models
compared to GPT-3.5 specifically in simpler tasks
such as MultiArith, AddSub, and SingleEq. How-
ever, challenges persist in more complex tasks
like GSM8K and SVAMP, which require a higher
level of language comprehension and proficiency
from the underlying base model, thereby resulting
in a discernible performance gap. Regarding the
different adapters employed, LoRA achieves re-
markable performance while utilizing significantly

fewer trainable parameters. This implies that exces-
sive learnable parameters may not be necessary for
task-specific fine-tuning. Overall, these findings
demonstrate the potential for adapter-based PEFT
of smaller LLMs to achieve high performance on
specific tasks with few trainable parameters.

4.3 Commonsense Reasoning

Additionally, we assess the efficacy of various
PEFT methods for commonsense reasoning tasks.
The adapters undergo fine-tuning using the Com-
monsensel 70K dataset. Our baseline models for
commonsense reasoning include GPT-3 (175B),
PalLM (540B), and ChatGPT. The results for GPT-
3 and PalLM can be found in the study by Tou-
vron et al. (2023). To evaluate ChatGPT’s per-
formance in commonsense reasoning, we employ
the gpt-3.5-turbo API with a zero-shot CoT. The
zero-shot CoT prompts align with the template used
for collecting our commonsense fine-tuning dataset,
as outlined in Appendix A.2. Table 4 presents the
performance of the PEFT methods utilizing differ-
ent LLMs alongside the baselines. Remarkably,
LLaMA-13B with Series Adapter, Parallel Adapter,
and LoRA outperform all the baselines, including
ChatGPT, which has been hailed as the most im-
pressive LLM to date. LLaMA-13B with Parallel
Adapter achieves an average accuracy of 81.5%,
representing a 4.5% improvement over ChatGPT.
It is worth noting that all the training sets from the
commonsense reasoning datasets are included in
the fine-tuning data Commonsense170K. Further-
more, we observe that the performance of the PEFT
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Question Mr Boarden is remodeling his bathroom. For every square foot, he needs 24 mosaic tiles. How many
mosaic tiles would Mr Boarden need to cover two thirds of his 36 sq ft bathroom?
ChatGPT 1. Find two-thirds of 36: Multiply 36 by 2/3. (36 * 2/3) = 24 square feet

2.Determine the number of mosaic tiles needed per square foot: Given that Mr. Boarden needs 24 mosaic
tiles per square foot, multiply the result from step 1 by 24. (24 * 24) = 576 mosaic tiles
Therefore, Mr. Boarden would need 576 mosaic tiles to cover two-thirds of his 36 square foot bathroom.

LLaMA j35-Prefix 1 square foot = 4 square inches, 1 square inch = 16 square centimeters. So, 1 sq ft = 16 sq cm. Therefore,
36 sq ft =36 x 16 sq cm = 576 sq cm. To cover two-thirds of the bathroom, Mr Boarden needs to

cover 576 sq cm x 2/3 = 384 sq cm. Since 1 sq cm = 1 mosaic tile, Mr Boarden needs 384 mosaic tiles.

Therefore, Mr Boarden needs 384 mosaic tiles to cover two-thirds of his 36 sq ft bathroom.

LLaMA 3g-Series

1. Find the area of the bathroom: 36 sq ft

2. Find two-thirds of the area: 2/3 x 36 sq ft = 24 sq ft
3. Multiply the area by the number of tiles needed per square foot: 24 sq ft x 24 tiles/sq ft = 576 tiles
4. Therefore, Mr Boarden would need 576 mosaic tiles to cover two-thirds of his 36 sq ft bathroom.

LLaMA 3-Parallel

1. Calculate the total area of the bathroom: 36 sq ft

2. Determine how much area Mr Boarden wants to cover with mosaic tiles: 2/3 x 36 sq ft = 24 sq ft
3. Calculate the number of mosaic tiles needed: 24 sq ft x 24 mosaic tiles per sq ft = 600 mosaic tiles
Therefore, Mr Boarden would need 600 mosaic tiles to cover two thirds of his 36 sq ft bathroom.

LLaMA13B -LoRA

1. Calculate the total area of the bathroom: 36 sq ft

2. Determine how much area needs to be covered: 2/3 x 36 sq ft = 24 sq ft
3. Calculate the number of mosaic tiles needed: 24 sq ft x 24 mosaic tiles per sq ft = 576 mosaic tiles
Therefore, Mr Boarden would need 576 mosaic tiles to cover two thirds of his 36 sq ft bathroom.

Table 5: An example randomly sampled from GSM8K. The outputs of ChatGPT and LLaMA-13B with different

PEFT methods.

methods is influenced by the underlying capabili-
ties of the base models. LLaMA-7B and LLaMA-
13B demonstrate superior commonsense reason-
ing abilities compared to the BLOOMz and GPT-J
models.

4.4 1D and OOD Analysis

When comparing the performance of PEFT meth-
ods on math reasoning and commonsense reason-
ing tasks, we can observe that PEFT methods
exhibit more remarkable results in the realm of
commonsense reasoning. Moving forward, we
will analyze the factors contributing to this phe-
nomenon from both the in-distribution (ID) and
out-of-distribution (OOD) perspectives. In the con-
text of commonsense reasoning, the fine-tuning
data set, Commonsensel70K, encompasses all the
training sets from the commonsense reasoning
datasets. Notably, PEFT methods have demon-
strated the ability to outperform ChatGPT. This ob-
servation implies that, by utilizing ID fine-tuning
data, smaller language models like LLaMA-13B
could surpass larger language models such as Chat-
GPT and PalLM in specific downstream tasks. How-
ever, when considering math reasoning tasks, the
fine-tuning data set, Math10K, only includes the
training sets of GSM8K and AQuA. In this regard,
it has been observed that PEFT methods, partic-
ularly LLaMA-13B with LoRA, exhibit superior
performance compared to GPT-3.5 on MultiArith,
AddSub, and SingleEq. These findings suggest that

PEFT methods can enhance the math reasoning
abilities of LLMs and can be successfully applied
to OOD datasets. Nonetheless, when evaluating the
performance of PEFT methods on the ID datasets
GSMS8K and AQuA, a performance gap is still ev-
ident compared to GPT-3.5. This discrepancy is
likely due to the higher complexity of GSM8K and
AQUA datasets in terms of math reasoning, while
the reasoning capabilities of smaller LLLMs remain
limited. Consequently, identifying strategies to im-
prove the performance of PEFT methods on com-
plex math reasoning tasks represents a potential
avenue for future research.

5 Qualitative Study

The previous sections have presented the quanti-
tative analysis. In this section, we will provide
qualitative examples to demonstrate the quality of
outputs from different models. Table 5 displays a
randomly selected question from GSMS8K along
with the outputs of ChatGPT and LLaMA-13B
models using various PEFT methods. More de-
tailed examples can be found in Appendix A.S.
ChatGPT demonstrates a comprehensive under-
standing of the question and generates two steps,
"(36 * 2/3) = 24 square feet" and "(24 * 24) =
576 mosaic tiles," effectively solving the prob-
lem. However, the language understanding ability
of LLaMA-13B-Prefix models is limited, leading
LLaMA-13B-Prefix to take the wrong direction
in the first step. On the other hand, LLaMA-13B
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with Series Adapter produces a high-quality an-
swer by providing the crucial two steps and per-
forming the correct calculations to obtain the accu-
rate result. Interestingly, LLaMA-13B-Parallel and
LLaMA-13B-LoRA generate almost identical ra-
tionales. However, LLaMA-13B-Parallel produces
an incorrect answer due to a calculation error, stat-
ing "24 sq ft x 24 mosaic tiles per sq ft = 600
mosaic tiles". In general, when equipped with task-
specific fine-tuning data, smaller language models
like LLaMA-13B can generate impressive, high-
quality answers that are comparable to those pro-
duced by ChatGPT.

6 Conclusion

In this paper, we develop a user-friendly frame-
work, LLM-Adapter, seamlessly integrates diverse
adapters into LLMs, empowering researchers to im-
plement adapter-based PEFT methods for a wide
range of tasks. To evaluate different PEFT meth-
ods on downstream tasks, we construct two high-
quality fine-tuning datasets to enhance PEFT per-
formance on math reasoning and commonsense rea-
soning tasks. By utilizing the LLM-Adapter toolkit
and the constructed fine-tuning datasets, we con-
duct a comprehensive empirical study and find the
answer of research questions on the optimal place-
ment and configuration of different PEFT methods,
the impact of adapter architectures, and the influ-
ence of ID and OOD scenarios. We hope this work
will encourage further research on PEFT methods
for LLMs.

7 Limitations

There are two limitations to this work. Firstly, due
to constrained computing resources, we were un-
able to evaluate the performance of larger language
models such as LLaMA-33B and LLaMA-65B. It
is anticipated that these larger models, possess-
ing enhanced language understanding capabilities,
would yield superior performance. Secondly, this
paper does not delve into the exploration of combin-
ing different adapters. Given the extensive search
space associated with the combination of various
PEFT methods, we intend to explore this direction
in future research endeavors.
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A Appendix

A.1 Math Reasoning Prompt Templates

We utilize ChatGPT to collect the math reason-
ing data for fine-tuning. Table 6 show the prompt
template used to query ChatGPT. The expression
"Please give the steps"” is employed to guide Chat-
GPT to generate reasoning steps, thus, we can
use the rationale information to fine-tune adapters.
"Give the arabic numerals as the answer." is uti-
lized to guide ChatGPT to generate arabic numbers
as the final answer making it easier to extract the
answer from the outputs.

A.2 Commonsense Data Templates

As each dataset in the commonsense reasoning do-
main entails distinct tasks, we adopt a structured
template by initially describing the task’s goal, fol-
lowed by the corresponding content and answer.
Table 7 shows the templates used to collect com-
monsense reasoning data for fine-tuning.

A.3 Placement Analysis

Table 8 shows the performance regarding the place-
ment of adapters in various locations on math rea-
soning datasets. The fine-tuning dataset utilized
for this study is Math10K. Meanwhile, the base
models employed is LLaMA-7B. We can observe
that for the Series Adapter, the best position is to
place it after the MLP layers, achieving an average
accuracy of 59.5% on the math reasoning datasets.
As for the Parallel Adapter, when we place it within
the MLP layers, it achieves the best performance
of 61.7%. Regarding LoRA, we need to insert it
simultaneously into both the Multi-head Attention
layers and MLP layers to achieve the best perfor-
mance of 60%.

In order to enhance the breadth of our research
findings, we conducted additional experiments in-
volving the placement of adapters on various LLMs
such as GPT-J and BLOOMz. These experiments
were conducted across different model sizes, specif-
ically 7B and 13B parameters. Furthermore, we ex-
tended our investigation to encompass diverse tasks,
including Commonsense tasks. This approach en-
abled us to generalize our observations across a
wider spectrum of LLMs, sizes, and tasks, thus
providing a more comprehensive understanding of
the adapter placement strategies.

A.3.1 Various LLMs

Initially, our evaluation focused on comparing the
placement of adapters in the context of GPT-J-6B
and BLOOMz-7B models, specifically concerning
Arithmetic Reasoning tasks. The subsequent Table
9 and Table 10 displays the accuracy attained on
Arithmetic Reasoning datasets.

The bold figures represent the optimal adapter
placements for GPT-J-6B and BLOOMz-7B mod-
els. Specifically, for both GPT-J-6B and BLOOMz-
7B, the series adapter demonstrated optimal perfor-
mance when placed after the MLP layers. Similarly,
the parallel adapter exhibited its best results when
positioned in parallel with the MLP layers. Lastly,
the LoRA adapter showed superior performance
when located after both the Attention layers and the
MLP layers concurrently. This observation aligns
seamlessly with the assertions made in this paper.

A.3.2 Various Size

This evaluation focuses on assessing various
adapter placements with LLaMA-13B in the
context of Arithmetic Reasoning tasks, aiming
to compare the outcomes with those obtained
from LLaMA-7B. Table 11 presents the accuracy
achieved on Arithmetic Reasoning datasets, high-
lighting the comparative analysis between the two
model configurations.

The optimal placement of series adapter, parallel
adapter, and LoRA is also consistent with LLaMA-
7B reported in the paper.

A.3.3 Various Tasks

In order to ascertain the generalizability of the
placement strategies identified in the context of
Arithmetic Reasoning tasks to other domains such
as Commonsense reasoning, we conducted a com-
prehensive evaluation of various adapter place-
ments with LLaMA-7B. Table 12 presents the accu-
racy scores achieved on Commonsense Reasoning
datasets, providing valuable insights into the effec-
tiveness of the adapter placements in this specific
task.

Our observations reveal that the optimal place-
ment of series adapters, parallel adapters, and
LoRA with LLaMA-7B for Commonsense reason-
ing aligns with their placement in Arithmetic rea-
soning tasks. These findings demonstrate a con-
sistent pattern in adapter placement across various
models, sizes, and task types, emphasizing the sta-
bility and reliability of our results.
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Template [QUESTION] Please give the steps and the arabic numerals as the answer.

Prompt Albert is wondering how much pizza he can eat in one day. He buys 2 large pizzas and 2 small pizzas. A
large pizza has 16 slices and a small pizza has 8 slices. If he eats it all, how many pieces does he eat that
day?

Please give the steps and the arabic numerals as the answer.

ChatGPT Output  To solve the problem, we need to first find out how many slices are in 2 large pizzas and 2 small pizzas:
2 large pizzas x 16 slices per pizza = 32 slices
2 small pizzas x 8 slices per pizza = 16 slices.

Next, we add the number of slices in each size pizza to find the total number of slices: 32 slices + 16
slices = 48 slices.

Therefore, if Albert eats all 2 large pizzas and 2 small pizzas, he will eat 48 slices of pizza that day.
Answer: 48 slices.

Table 6: The prompt template used to collect math reasoning dataset for fine-tuning. An example from GSMS8K is
also included.

A.4 Configuration Analysis

Table 13 shows the accuracy comparison regarding
different settings of variable for PEFT methods on
math reasoning datasets. The fine-tuning dataset
used for this study is Math10K. It can be noted
that when the number of virtual tokens in Prefix-
Tuning is set to 10, Prefix-Tuning attains an average
accuracy of 42.0% on math reasoning datasets. By
configuring the bottleneck dimension to 256, Series
and Parallel Adapter demonstrate the highest level
of performance. However, when the bottleneck
size is increased to 512, the accuracy of both Series
and Parallel Adapter decreases. The typical setting
for LoRA rank is set to 8, but we have discovered
that a larger rank can enhance the performance of
LoRA. Remarkably, when the rank is increased to
32, LoRA achieves an accuracy of 61.9%.

A.5 Qualitative Examples

We will show examples randomly sampled from
math reasoning and commonsense reasoning
datasets in this section.
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Dataset Fine-tuning Data Template
BoolQ Please answer the following question with true or false, question: [QUESTION]
Answer format: true/false
the correct answer is [ANSWER]
PIQA Please choose the correct solution to the question: [QUESTION]
Solutionl: [SOLUTION_1]
Solution2: [SOLUTION_2]
Answer format: solution1/solution2
the correct answer is [ANSWER]
SIQA Please choose the correct answer to the question: [QUESTION]
Answerl: [ANSWER_1]
Answer2: [ANSWER_2]
Answer3: [ANSWER_3]
Answer format: answerl/answer2/answer3
the correct answer is [ANSWER]
HellaSwag Please choose the correct ending to complete the given sentence: [ACTIVITY_IABEL]: [CONTEXT]
Endingl: [ENDING_1]
Ending2: [ENDING_2]
Ending3: [ENDING_3]
Ending4: [ENDING_4]
Answer format: endingl/ending2/ending3/ending4
the correct answer is [ANSWER]
WinoGrande Please choose the correct answer to fill in the blank to complete the given sentence: [SENTENCE]
Optionl: [OPTION_1]
Option2: [OPTION_2]
the correct answer is [ANSWER]
ARC-e&ARC-c  Please choose the correct answer to the question: [QUESTION]
Answerl: [ANSWER_1]
Answer2: [ANSWER_2]
Answer3: [ANSWER_3]
Answer4: [ANSWER_4]
Answer format: answerl/answer2/answer3/answer4
the correct answer is [ANSWER]
OBQA Please choose the correct answer to the question: [QUESTION]
Answerl: [ANSWER_1]
Answer2: [ANSWER_2]
Answer3: [ANSWER_3]
Answer4: [ANSWER_4]
Answer format: answerl/answer2/answer3/answer4
the correct answer is [ANSWER]

Table 7: The data template of each dataset used to create commonsense reasoning data for fine-tuning.

Model Loc  MultiArith  GSM8K AddSub AQuA SingleEq SVAMP Avg

Attn 92.3 32.0 80.0 16.9 80.5 479 58.3
Series  MLP 92.8 333 80.0 15.0 83.5 52.3 59.5
Both 94 29.8 84.1 17.3 83.5 45.1 59.0
Attn 94.5 335 83.0 17.3 80.5 46.9 59.3
Parallel MLP 94.5 353 86.6 18.1 86.0 49.6 61.7
Both 94.3 30.2 84.8 17.7 84.3 47.2 59.8
Attn 94.2 353 79.7 16.9 78.7 45.9 58.5
LoRA  MLP 95.8 350 80.0 15.7 81.7 47.0 59.2
Both 96.2 35.6 80.5 15.7 82.3 49.6 60.0

Table 8: An evaluation of the accuracy regarding the placement of adapters in various locations is conducted on
math reasoning datasets. The fine-tuning dataset used for this analysis is Math10K. In this context, "Attn" refers to
the multi-head attention layer, while "MLP" denotes the MLP layer. The base model employed for this study is
LLaMA-7B.
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Model Loc  MultiArith  GSM8SK AddSub AQuA SingleEq SVAMP Avg

Attn 90.3 16.8 85.0 16.9 78.0 43.3 55.1
GPT-Jeg-Series  MLP 91.7 19.5 85.8 15.0 81.7 43.6 56.2
Both 90.7 13.2 72.7 16.0 72.4 32.8 49.6
Attn 83.3 15.5 84.3 15.3 80.3 454 54.0
GPT-Jgg-Parallel MLP 92.2 18.9 83.8 17.9 80.7 41.1 55.8
Both 93.2 17.2 86.1 13.0 80.1 40.7 55.1
Attn 87.2 17.1 79.4 13.0 74.4 42.8 52.3
GPT-Jgg-LORA  MLP 91.7 22.8 81.5 15.7 80.7 47.1 56.6
Both 90.7 23.0 84.1 16.1 84.1 46.0 57.3

Table 9: An evaluation of the accuracy regarding the placement of adapters in various locations is conducted on
math reasoning datasets. The fine-tuning dataset used for this analysis is Math10K. In this context, "Attn" refers to
the multi-head attention layer, while "MLP" denotes the MLP layer. The base model employed for this study is
GPT-J-6B.

Model Loc  MultiArith GSM8K AddSub AQuA SingleEq SVAMP Avg
Attn 84.3 14.3 66.1 20.1 63.0 32.7 46.8
BLOOMz;p-Series ~ MLP 80.7 14.3 72.6 20.5 69.3 38.1 49.3
Both 77.8 14.8 76.2 14.2 67.5 36.1 47.8
Attn 83.7 16.5 68.1 15.0 64.0 36.7 47.3
BLOOMz;g-Parallel MLP 85.8 18.5 77.7 18.9 74.8 36.4 52.0
Both 88.5 15.2 75.7 16.1 70.1 340 499
Attn 80.7 15.8 59.7 15.7 55.1 29.7 42.8
BLOOMz75-LoRA  MLP 86.0 16.4 69.6 17.7 66.1 40.3 49.4
Both 82.8 17.4 72.4 21.3 69.9 41.0 50.8

Table 10: An evaluation of the accuracy regarding the placement of adapters in various locations is conducted on
math reasoning datasets. The fine-tuning dataset used for this analysis is Math10K. In this context, "Attn" refers to
the multi-head attention layer, while "MLP" denotes the MLP layer. The base model employed for this study is
BLOOMz-7B.

Model Loc  MultiArith GSM8K AddSub AQuA SingleEq SVAMP Avg
Attn 97.7 33.3 81.8 15.7 86.0 50.7 60.9
LLaMA 3p-Series ~ MLP 93.0 44.0 80.5 22.0 87.6 50.8 63.0
Both 93.8 29.7 81.5 18.6 84.8 48.2 59.4
Attn 96.8 34.0 85.3 17.0 88.0 52.4 62.3
LLaMA 3g-Paralle]l MLP 94.3 43.3 83.0 20.5 89.6 55.7 64.4
Both 95.2 31.8 84.1 15.7 89.2 52.8 61.5
Attn 94.0 37.0 86.0 16.5 87.4 535 62.4
LLaMA3g-LoRA  MLP 96.3 42.1 84.1 18.1 87.8 55.5 64.0
Both 94.8 47.5 87.3 18.5 89.8 54.6 65.4

Table 11: An evaluation of the accuracy regarding the placement of adapters in various locations is conducted on
math reasoning datasets. The fine-tuning dataset used for this analysis is Math10K. In this context, "Attn" refers to
the multi-head attention layer, while "MLP" denotes the MLP layer. The base model employed for this study is
LLaMA-13B.
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Model Loc BoolQ PIQA SIQA HellaSwag WinoGrande ARC-e ARC-c OBQA Avg
Attn 63.7 76.3 75.8 51.7 73.6 69.4 52.9 69.8 66.7
LLaMA7g-Series MLP 63.0 79.2 76.3 67.9 75.7 74.5 57.1 72.4 70.8
Both 62.4 72.4 72.4 43.7 70.6 62.6 48.6 63.6 62.0
Attn 64.4 75.8 76.5 71.1 79.2 72.7 56.3 71.0 70.9
LLaMA7g-Parallel MLP 67.9 76.4 78.8 69.8 78.9 73.7 57.3 75.2 72.3
Both 64.9 75.6 75.2 66.9 74.6 67.8 53.7 70.2 68.6
Attn 68.7 78.3 74.9 68.1 76.2 78.1 63.2 73.6 72.6
LLaMA75-LoRA MLP 66.5 81.5 78.5 73.3 72.4 80.0 64.8 72.2 73.7
Both 68.9 80.7 77.4 78.1 78.8 77.8 61.3 74.8 74.7

Table 12: An evaluation of the accuracy regarding the placement of adapters in various locations is conducted on
Commonsense reasoning datasets. The fine-tuning dataset used for this analysis is Commonsense170K. In this
context, "Attn" refers to the multi-head attention layer, while "MLP" denotes the MLP layer. The base model
employed for this study is LLaMA-7B.

Model  Variable

MultiArith  GSM8K  AddSub AQuA SingleEq SVAMP  Average

vt=10 63.2 244 57.0 14.2 553 38.1 42.0
Prefix vt=20 60.3 22.9 46.1 16.1 51.8 30.6 38.0
vt=30 51.2 16.9 42.3 15.4 41.9 31.1 33.1
vt=40 54.2 17.8 49.6 21.7 52.0 33.2 38.1
bn=64 93.0 31.6 80.5 14.6 79.9 44.1 57.3
Series bn=128 93.8 334 81.5 18.5 79.9 48.1 59.2
bn=256 92.8 333 80.0 15.0 83.5 52.3 59.5
bn=512 95.3 33.7 77.2 14.9 76.6 42.0 56.6
bn=64 92.7 36.8 71.5 16.9 81.9 48.5 59.1
Parallel bn=128 95.8 36.9 83.0 17.7 83.3 47.8 60.8
bn=256 94.5 353 86.6 18.1 86.0 49.6 61.7
bn=512 95.0 31.5 81.8 14.6 81.5 43.4 58.0
r=4 95.2 347 78.5 16.1 77.8 45.4 57.9
LoRA r=8 96.2 35.6 80.5 15.7 82.3 49.6 60.0
=16 95.5 36.2 82.8 13.8 84.4 50.9 60.6
r=32 95.0 37.5 83.3 18.9 84.4 52.1 61.9

Table 13: The accuracy comparison regarding different settings of variable for PEFT methods on math reasoning
datasets. The fine-tuning dataset used for this analysis is Math10K. In this context, "vt" refers to the number of
virtual tokens, "bn" denotes the bottleneck size, while "r" is the LoRA rank. The base model employed for this

study is LLaMA-7B.
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uestion t the schools book fair Sam bought 13 adventure books an, mystery books. of the books were
i At the schools book fair Sam bought 13 ad books and 17 mystery books. If 15 of the book
used, how many new books did he buy?

ChatGPT To calculate the number of mosaic tiles needed to cover two-thirds of Mr. Boarden’s 36 square foot
bathroom, follow these steps:
Find two-thirds of 36: Multiply 36 by 2/3.
(36 * 2/3) = 24 square feet
Determine the number of mosaic tiles needed per square foot: Given that Mr. Boarden needs 24 mosaic
tiles per square foot, multiply the result from step 1 by 24.
(24 * 24) = 576 mosaic tiles
Therefore, Mr. Boarden would need 576 mosaic tiles to cover two-thirds of his 36 square foot bathroom.

LLaMA 3g-Prefix 1. Find the total number of books Sam bought:
13 + 17 = 30 books
2. Subtract the number of used books from the total number of books:
30 - 15 = 15 new books
Therefore, Sam bought 15 new books at the book fair.
Steps:
1. Total number of books = 13 + 17 = 30
2. Number of used books = 15
3. Number of new books = Total number of books - Number of used books
4. Number of new books =30 - 15=15
5. Sam bought 15 new books at the book fair.
Answer: Sam bought 15 new books at the book fair. (15)

LLaMA 3g-Series 1. Find the total number of books Sam bought: 13 + 17 = 30
2. Subtract the number of used books from the total number of books: 30 - 15 =15
3. Therefore, Sam bought 15 new books.
Answer: 15

LLaMA 3g-Parallel  To find out how many new books Sam bought, we need to subtract the number of used books from the
total number of books he bought.
Total books = 13 + 17 =30
Used books = 15
New books = Total books - Used books
New books =30 - 15
New books = 15
Therefore, Sam bought 15 new books.

LLaMA3s-LoRA 1. Find the total number of books Sam bought: 13 + 17 =30
2. Subtract the number of used books from the total number of books: 30 - 15 =15
3. Therefore, Sam bought 15 new books.
Answer: 15

Table 14: An example randomly sampled from MultiArith. The outputs of ChatGPT and LLaMA-13B with different
PEFT methods.
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Question

Mr Boarden is remodeling his bathroom. For every square foot, he needs 24 mosaic tiles. How many
mosaic tiles would Mr Boarden need to cover two thirds of his 36 sq ft bathroom?

ChatGPT

To calculate the number of mosaic tiles needed to cover two-thirds of Mr. Boarden’s 36 square foot
bathroom, follow these steps:

1. Find two-thirds of 36: Multiply 36 by 2/3.

(36 * 2/3) = 24 square feet

2.Determine the number of mosaic tiles needed per square foot: Given that Mr. Boarden needs 24 mosaic
tiles per square foot, multiply the result from step 1 by 24.

(24 * 24) = 576 mosaic tiles

Therefore, Mr. Boarden would need 576 mosaic tiles to cover two-thirds of his 36 square foot bathroom.

LLaMA 3-Prefix

1 square foot = 4 square inches

1 square inch = 16 square centimeters

So, 1sqft=16 sqcm

Therefore, 36 sq ft =36 x 16 sq cm = 576 sq cm

To cover two-thirds of the bathroom, Mr Boarden needs to cover 576 sq cm x 2/3 = 384 sq cm
Since 1 sq cm = 1 mosaic tile, Mr Boarden needs 384 sq cm / 1 sq cm = 384 mosaic tiles
Therefore, Mr Boarden needs 384 mosaic tiles to cover two-thirds of his 36 sq ft bathroom.

LLaMA 3g-Series

. Find the area of the bathroom: 36 sq ft

. Find two-thirds of the area: 2/3 x 36 sq ft = 24 sq ft

. Multiply the area by the number of tiles needed per square foot: 24 sq ft x 24 tiles/sq ft = 576 tiles
. Therefore, Mr Boarden would need 576 mosaic tiles to cover two-thirds of his 36 sq ft bathroom.

LLaMA 3g-Parallel

. Calculate the total area of the bathroom: 36 sq ft

. Determine how much area Mr Boarden wants to cover with mosaic tiles: 2/3 x 36 sq ft = 24 sq ft

. Calculate the total number of mosaic tiles needed: 24 sq ft x 24 mosaic tiles per sq ft = 600 mosaic
tiles

Therefore, Mr Boarden would need 600 mosaic tiles to cover two thirds of his 36 sq ft bathroom. The
answer in Arabic numerals is 600.

W N =AW

LLaMA 13B -LoRA

1. Calculate the total area of the bathroom: 36 sq ft

2. Determine how much area needs to be covered: 2/3 x 36 sq ft = 24 sq ft

3. Calculate the number of mosaic tiles needed: 24 sq ft x 24 mosaic tiles per sq ft = 576 mosaic tiles
Therefore, Mr Boarden would need 576 mosaic tiles to cover two thirds of his 36 sq ft bathroom. The
answer in Arabic numerals is 576.

Table 15: An example randomly sampled from GSM8K. The outputs of ChatGPT and LLaMA-13B with different

PEFT methods.
Question There are 7 crayons in the drawer. Mary took 3 crayons out of the drawer. How many crayons are there
now?
ChatGPT To calculate the number of crayons remaining in the drawer after Mary took some out, follow these steps:

Subtract the number of crayons Mary took from the total number of crayons in the drawer: 7 - 3 =4
crayons.
Therefore, there are now 4 crayons remaining in the drawer.

LLaMA 3g-Prefix

1. Start with the initial number of crayons in the drawer: 7.

2. Subtract the number of crayons Mary took out of the drawer: 3.
3. The final number of crayons in the drawer is 7 - 3 = 4.
Therefore, there are 4 crayons in the drawer now.

LLaMA 3g-Series

1. Start with the initial number of crayons in the drawer: 7
2. Subtract the number of crayons Mary took out: 3

3. Perform the subtraction: 7 - 3 =4

4. Therefore, there are now 4 crayons in the drawer.
Answer: There are now 4 crayons in the drawer.

LLaMA 3g-Parallel

1. Start with the total number of crayons in the drawer: 7
2. Subtract the number of crayons Mary took out: 3

3. Perform the subtraction: 7 - 3 =4

4. The final answer is 4 crayons.

Therefore, there are now 4 crayons in the drawer.

LLaMA1 3B -LoRA

1. Start with the initial number of crayons: 7

2. Subtract the number of crayons Mary took out: 7 -3 =4
3. The final answer is 4 crayons.

Therefore, there are now 4 crayons in the drawer.

Table 16: An example randomly sampled from AddSub. The outputs of ChatGPT and LLaMA-13B with different

PEFT methods.

5271



Question

Suppose you want to arrange your English, Hindi, Mathematics, History, Geography and Science books
on a shelf. In how many ways can you do it ? Answer Choices: (A) 520 (B) 720 (C) 920 (D) None (E)
Cannot be determined

ChatGPT

To calculate the number of ways you can arrange the English, Hindi, Mathematics, History, Geography,
and Science books on a shelf, we can use the concept of permutations. Since order matters when
arranging the books, we need to find the number of permutations.

To determine the total number of arrangements, follow these steps:

Count the number of books: There are 6 books in total.

Use the formula for permutations of n objects, where n is the number of books: n! (n factorial).
n!l=6'=6x5x4x3x2x1=720

Therefore, you can arrange the books on the shelf in 720 different ways.

The correct answer choice is (B) 720.

LLaMA 3g-Prefix

1. Let’s start by assigning variables to the unknowns in the problem. Let a, b, and ¢ be the digits in M, N,
and 396¢ respectively.

2. We know that M and N are three-digit numbers, soa+b + ¢ = 3.

3. We also know that M - N + 396¢ = 990, so we can substitute a, b, and c into this equation:
a(1000000 - 100000 + 396¢) + b(1000000 - 100000 + 396¢) + c(1000000 - 100000 + 396¢) = 990

4. Simplifying this equation, we get:

a

LLaMA 3g-Series

To solve this problem, we need to use the multiplication principle of counting, which states that if there
are m ways to do one thing and n ways to do another thing, then there are m x n ways to do both things
together.

In this case, there are 6 books to arrange (English, Hindi, Mathematics, History, Geography, and Science).
We can arrange these books in 6! ways.

Therefore, the total number of ways to arrange the books on the shelf is 6! = 720.

Hence, the answer is option B) 720.

LLaMA 3p-Parallel

The total number of books to be arranged on the shelf is 5 (English, Hindi, Mathematics, History,
Geography, and Science).

To find the number of ways to arrange these books on the shelf, we can use the formula for permutations
of n objects taken r at a time, which is given by:

P(n,r) =n!/ (n-r)!

where n is the total number of objects, and r is the number of objects to be arranged at a time.

In this case, n = 5 (the total number of books), and r = 5 (since we want to arrange all 5 books on the
shelf).

Substituting these values into the formula, we get:

P(5,5) =5!/(5-5)! P(5,5) = 5!/ (5-5)! P(5,5) =5!/(5-5)! P(5,5) =5!/(5-5)! P(5,5)=5!/(5-5)!

LLaMA13B -LoRA

The total number of ways to arrange 6 books on a shelfis 6! =6x5x4x3x2x 1="720.
Therefore, the answer is option B) 720.

Table 17: An example randomly sampled from AQuA. The outputs of ChatGPT and LLaMA-13B with different

PEFT methods.
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Question

Oceanside Bike Rental Shop charges 17 dollars plus 7 dollars an hour for renting a bike. Tom paid 80
dollars to rent a bike. How many hours did he pay to have the bike checked out?

ChatGPT

To calculate the number of hours Tom paid to have the bike checked out, follow these steps:

1. Subtract the base charge from the total amount Tom paid: 80 - 17 = 63 dollars.

2. Divide the remaining amount by the hourly rate to find the number of hours: 63 /7 =9 hours.
Therefore, Tom paid to have the bike checked out for 9 hours.

Note: It’s important to note that the result represents the whole number of hours. If there were any partial
hours, they would not be reflected in the calculation.

LLaMA3g-Prefix

1. Let x be the number of hours Tom paid to rent the bike.
2. The cost of renting the bike for x hours is 17 + 7x dollars.
3. We know that Tom paid 80 dollars, so we can set up an equation:

17 +7x = 80
4. Solving for x, we divide both sides by 7:
x=10

5. Therefore, Tom paid 10 hours to rent the bike.

LLaMA 35-Series

1. Find the total cost of renting the bike:

$17 + $7/hour = $24/hour

2. Divide the total cost by the cost per hour to find the number of hours:

$80 + $24/hour = 3.33 hours

3. Round up to the nearest whole number since you can’t rent a bike for a fraction of an hour:
3 hours

Therefore, Tom paid to have the bike checked out for 3 hours.

LLaMA 3g-Parallel

1. Subtract the initial charge of $17 from the total amount paid: $80 - $17 = $63
2. Divide the remaining amount by the hourly rate: $63 + $7 =9

3. The answer is 9 hours.

Therefore, Tom paid to have the bike checked out for 9 hours.

LLaMA 13B -LoRA

1. Let x be the number of hours Tom paid to have the bike checked out.

2. The cost of renting the bike for x hours is 7x dollars.

3. The total cost of renting the bike for x hours is 17 + 7x dollars.

4. We know that Tom paid 80 dollars to rent the bike, so we can set up an equation: 17 + 7x = 80
5. Solving for x, we can subtract 17 from both sides: 7x = 63

6. Dividing both sides by 7, we get x =9

Therefore, Tom paid to have the bike checked out for 9 hours.

Table 18: An example randomly sampled from SingleEq. The outputs of ChatGPT and LLaMA-13B with different

PEFT methods.

5273



Question

Matthew gave equal numbers of crackers and cakes to his 4 friends. If he had 32 crackers and 98 cakes
initially. How many crackers did each person eat?

ChatGPT

To calculate the number of crackers each person ate, we need to find the number of crackers that each
friend received initially and subtract it from the total number of crackers Matthew had.

Here are the steps:

Divide the total number of crackers by the number of friends (4) to find the number of crackers each
friend received initially: 32 /4 = 8 crackers per friend.

Since we want to find the number of crackers each person ate, we need to subtract the initial number of
crackers per friend from the total number of crackers: 32 - 8 = 24 crackers.

Therefore, each person ate 24 crackers.

LLaMA3g-Prefix

1. Find the total number of crackers and cakes that Matthew initially had: 32 + 98 = 130

2. Divide the total number of crackers and cakes by the number of friends to find the initial amount given
to each friend: 130 +5 =26

3. Subtract the initial amount given to each friend from the total number of crackers and cakes to find the
remaining amount: 130 - 26 = 104

4. Divide the remaining amount by the number of friends to find the amount each person ate: 104 =5 =
21

Therefore, each person ate 21 crackers.

LLaMA 35-Series

1. Divide the total number of crackers by the number of friends: 32 + 4 =8
2. Divide the total number of cakes by the number of friends: 98 + 4 =24
3. Add the number of crackers and cakes each friend received: 8 + 24 = 32
4. Therefore, each person ate 32 crackers and 24 cakes.

Answer: Each person ate 32 crackers.

LLaMA 3g-Parallel

1. Divide the total number of crackers by the number of friends: 32 + 4 =8
2. Divide the total number of cakes by the number of friends: 98 +~ 4 =24
3. Add the number of crackers and cakes each person ate: 8 + 24 =32
Therefore, each person ate 32 crackers and cakes combined.

LLaMA 13B -LoRA

1. Divide the total number of crackers by the number of friends: 32 + 4 =8
2. Divide the total number of cakes by the number of friends: 98 + 4 =24
3. Add the number of crackers and cakes each person received: 8 + 24 = 32
Therefore, each person ate 32 crackers and cakes in total.

Table 19: An example randomly sampled from SVAMP. The outputs of ChatGPT and LLaMA-13B with different

PEFT methods.
Question Does ethanol take more energy make that produces?
ChatGPT False.

LLaMA3g-Prefix

the correct answer is true

LLaMA 3g-Series

the correct answer is true

LLaMA 3p-Parallel

false

LLaMA 13B -LoRA

the correct answer is false

Table 20: An example randomly sampled from BoolQ. The outputs of ChatGPT and LLaMA-13B with different

PEFT methods.
Question How do I ready a guinea pig cage for it’s new occupants?
Solution1: Provide the guinea pig with a cage full of a few inches of bedding made of ripped paper strips,
you will also need to supply it with a water bottle and a food dish.
Solution2: Provide the guinea pig with a cage full of a few inches of bedding made of ripped jeans
material, you will also need to supply it with a water bottle and a food dish.
ChatGPT Solution]

LLaMA13B -Prefix

the correct answer is solutionl

LLaMA j3p-Series

the correct answer is solution2

LLaMA 3-Parallel

the correct answer is solution2

LLaMA 3g-LoRA

the correct answer is solution]

Table 21: An example randomly sampled from PIQA. The outputs of ChatGPT and LLaMA-13B with different

PEFT methods.
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Question Tracy didn’t go home that evening and resisted Riley’s attacks. What does Tracy need to do before this?
Answerl: make a new plan Answer2: Go home and see Riley Answer3: Find somewhere to go

ChatGPT Answerl/make a new plan

LLaMA 35-Prefix the correct answer 1s answerl

LLaMA 3g-Series the correct answer is answer3

LLaMA sg-Parallel  the correct answer is answer3

LLaMA 35-LoRA the correct answer is answer3

Table 22: An example randomly sampled from SIQA. The outputs of ChatGPT and LLaMA-13B with different
PEFT methods.

Question Roof shingle removal: A man is sitting on a roof. he
Endingl: is using wrap to wrap a pair of skis. Ending?2: is ripping level tiles off. Ending3: is holding a
rubik’s cube. Ending4: starts pulling up roofing on a roof.

ChatGPT Ending4: starts pulling up roofing on a roof.

LLaMA3g-Prefix the correct answer is ending4

LLaMA 3g-Series the correct answer is ending4

LLaMA 3g-Parallel  the correct answer is ending4

LLaMA 35-LoRA the correct answer is ending4

Table 23: An example randomly sampled from . The outputs of ChatGPT and LLaMA-13B with different PEFT
methods.

Question Sarah was a much better surgeon than Maria so _ always got the easier cases.
Optionl: Sarah Option2: Maria

ChatGPT optionl

LLaMA 3g-Prefix the correct answer is optionl

LLaMA 35-Series the correct answer is optionl

LLaMA 3g-Parallel  the correct answer is optionl

LLaMA3-LoRA the correct answer is option|

Table 24: An example randomly sampled from WinoGrande. The outputs of ChatGPT and LLaMA-13B with
different PEFT methods.

Question Which statement best explains why photosynthesis is the foundation of most food webs?
Answerl: Sunlight is the source of energy for nearly all ecosystems. Answer2: Most ecosystems are
found on land instead of in water. Answer3: Carbon dioxide is more available than other gases. Answer4:
The producers in all ecosystems are plants.

ChatGPT

LLaMA i3g-Prefix Answerl. Sunlight is the source of energy for nearly all ecosystems.

LLaMA 3p-Series the correct answer is answerl

LLaMA 3g-Parallel the correct answer is answer4

LLaMA 35-LoRA the correct answer is answerl

Table 25: An example randomly sampled from ARC-e. The outputs of ChatGPT and LLaMA-13B with different
PEFT methods.

Question An astronomer observes that a planet rotates faster after a meteorite impact. Which is the most likely
effect of this increase in rotation?
Answerl: Planetary density will decrease. Answer2: Planetary years will become longer. Answer3:
Planetary days will become shorter. Answer4: Planetary gravity will become stronger.

ChatGPT Answer3

LLaMA 3-Prefix the correct answer is answer3

LLaMA 3g-Series the correct answer is answer2

LLaMA sg-Parallel  the correct answer is answer3

LLaMA 35-LoRA the correct answer is answer3

Table 26: An example randomly sampled from ARC-c. The outputs of ChatGPT and LLaMA-13B with different
PEFT methods.
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Question A person wants to start saving money so that they can afford a nice vacation at the end of the year. After
looking over their budget and expenses, they decide the best way to save money is to
Answerl: make more phone calls Answer2: quit eating lunch out Answer3: buy less with monopoly
money Answer4: have lunch with friends

ChatGPT Answer?2: quit eating lunch out.

LLaMA j3p-Prefix the correct answer is answer2

LLaMA 3g-Series the correct answer is answer2

LLaMA 3g-Parallel the correct answer is answer2

LLaMA35-LoRA the correct answer 1s answer2

Table 27: An example randomly sampled from OBQA. The outputs of ChatGPT and LLaMA-13B with different
PEFT methods.
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